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Next generation long-baseline 
The next generation of neutrino 
experiments will require massive 
detectors to reach the sensitivities 
needed to measure CP violation, the 
mass hierarchy, the θ23 octant and 
non-standard interactions. 
(See P. Huber’s talk)
One or several large detectors, can 
provide the mass required to the next 
generation of long-baseline 
experiments.
A challenge will be instrumenting the 
very large surfaces/volumes.
A second challenge will be making 
multi-purpose detectors to enable 
a broader physics program.
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The race for the next 
generation experiment

A series of experiments are in their planning stages. 

All will attempt a broad range of physics in addition 
to studying long-baseline neutrino oscillations. 

Not discussing some other interesting options such 
as Pingu and INO. 

Experimental(Outlook(
! ))SensiMvity)is)based)on:)

! ))Achieve:)Large)mass,)highest)efficiency,))low)background)rate)

! ))Water)cherenkov)best)for)e+π0)
))))))LAr)TPC)/)Liquid)ScinMllator)best)for)K+ν#

! )What’s)on)the)table?)

HyperWKamiokande) 560)kton)water)cherenkov) 99K)PMTs)(20%)coverage))

LBNE) 10/20/30)kton)LAr)TPC) surface/underground?)

GLACIER/LBNO) 20)kton)LAr)TPC) 2Wphase)

LENA) 51)kton)liquid)scinMllator) 30,000)PMTs)

What’s on the table?

Ed Kearns
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Why project X and large detectors?

Intense)Neutrino)Beam)

Large)Detector)

Proton)Decay??)

Project)X)

Ed Kearnsand hopefully other physics!

far away
or staged detector/beam
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First DBD isotope in WbLS

PX workshop 2012 M. Yeh28
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• Efforts to load certain metallic-ions in pure LS 
(H=80%)

• Quick and straight in preparation of X-WbLS
(H=100%)

X-LS

Next generation experiments 
Technology choices aside, the 
next generation of experiments 
require continued R&D on a 
portfolio of technologies.

Planned experiments using very 
large detectors are already driving 
the development of these 
technologies. 

We have identified three main 
threads of development: 

Photodetector R&D 

Scintillator or other additives

Scintillation light collection and 
other improvements for LAr
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R11780 12’’ PMT

•Originally characterized as 
a PMT candidate for the 
LBNE Water Cherenkov 
Option

•Ten linearly focused dynode 
stages

•Available in both Standard) 
and High Quantum Efficiency 
(SQE,HQE) configurations 
with peak Quantum 
Efficiency of 21% and 32%, 
respectively

•Also tested “Enhanced 
Quantum Efficiency” Tubes 
with peak QE of 27%

Saturday, June 16, 12

June 18, 2012 

LAr Test Facility at IU 

fast WFD & 
readout 

electronics 

cover plate 

shaft to slide 
! source  

dewar 

! source 

coated rod 
(acrylic/polystyrene) 

light baffle 

narrow band 
filter plate 

PMT/SiPM 

liquid Ar 

LAr test facility at Indiana:  

14 
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Photodetector R&D
All 3 groups have considered 
photodetector technology in 
the market at this time. 

Collaborations working on 
characterization and design 
of larger/cheaper/more 
efficient photosensors.

Working with Hamamatsu 
(sole manufacturer on most 
cases) on development of 
new options. 

6

Building your detector within the next 5 years

Talks on photodetector R&D by LBNE, HyperK, LENA

More on developments
• sensors
–20 inch Hybrid PD
–New 20inch PMT
–prototype in a year

• proof test by 8inch HPD from this 
summer

• water-proof system for DAQ 
electronics

• detector calibration method
–quick, easy way

• software
–HK simulation & reconstruction
–Physics sensitivity studies 14

M. Shiozawa
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Photodetector R&D
12-inch photomultiplier tubes were 
chosen for LBNE Water Cherenkov 
design and LENA. 

Detailed characterization work shows 
transit times varying by as much as 3ns. 

Need different dynode structure

7

Building your detector within the next 5 years
Comparison between R7081 10’’ and 12’’ R11780 

10 inch
R7081

12 inch
R11780�253 mm

12-inch PMT has larger effective area ratio.

�305 mm

Round
ShapeMushroom

Shape

Higher Pressure-resistance

�220 mm

�280 mm
Diff.=33 mm

Diff.=25 mm

Comparison between
R11780 & R7081

Effective Area: 1.62
Price: less than 1.5

“Price per unit area”
is lower than R7081.

• R7081 10-inch PMT well characterized and currently in use by 
neutrino experiments such as IceCube

Saturday, June 16, 12

Position Dependence: 12’’ PMT

Saturday, June 16, 12

Position Dependence: 12’’ PMT
Anthony LaTorre

(University of Chicago)

Saturday, June 16, 12

S. Grullon (UPenn)

QE 21 & 32% 
available.

Work coming 
to a close, 
NIM paper to 
be written.



M. Sanchez - ISU/ANL
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Navy Undersea Warfare Center 
(NUWC) Facility

Pressure Tank

● Cooperation between BNL and NUWC through 
Cooperative Research And Development Agreement 
(CRADA)
● 15m diameter
● 500,000 gallons of water 
● Rated for 100 psi at the center

Photodetector R&D
Reduced number of phototubes requires 
additional light collection technologies:

Winston cones and Wavelength shifting 
plates

Phototubes in large detectors are subject to 
high pressure environment. 

Testing program has been completed at 
NUWC. 

Up to 300 psi. 

Designed housing. 

Other studies include glass R&D.

LENA undergoing similar process 
of characterization and design. 
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Building your detector within the next 5 years

S. Perasso (Drexel)
J. Ling (BNL)

M. Tippman (TUM)

PXPS12 Stefano Perasso - Winston Cones for WCD 5

First prototypes

Al Ag Al

Profile: Winston Cone

Metal Coat: Al

60° opening angle

Rmin at the edge 
of Photocathode 
guaranteed by 

Hamamatsu

Profile: Winston Cone

Metal Coat: Ag

60° opening angle

Rmin at the edge 
of Photocathode 
guaranteed by 

Hamamatsu

Profile: Ellipsoidal

Metal Coat: Al + coating

60° opening angle

Wider rmax (16.5”)

Rmin at the equator

PXPS12 Stefano Perasso - Winston Cones for WCD 5
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guaranteed by 
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Metal Coat: Ag

60° opening angle

Rmin at the edge 
of Photocathode 
guaranteed by 

Hamamatsu

Profile: Ellipsoidal

Metal Coat: Al + coating

60° opening angle

Wider rmax (16.5”)

Rmin at the equator
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Multiple PMTs Experimental Setup

High speed 
camera

Donor PMT

Side tube survived in the 
shock wave

● 5 10” Hamamatsu R7081 tubes with prototyping 
housing are mounted on the cables
● Tubes are separated by 50cm from center to 
center
● 2 High speed cameras (4000f/s and 2000f/s)
● 10 Water proof pressure sensors (PCB ICP)
● 9 accelerometers are installed on the cables 

Technical demands 
• Site:   4000mwe rock overburden, cavern 

 excavation + stability, reactor neutrinos, 
 neutrino beam → LAGUNA design study 

• Tank:  Shape, water shielding, buffer, optical 
 shielding, radiopurity, chemical compatibility, 
 cost 

• Construction:   Excavation, instrumentation, 
 purification, filling + liquid handling 

• Scintillator:   Light yield, scattering + absorption 
 lengths, fast, particle identification, 
 radiopurity, lifetime, toxicity, flammability 

• Photosensors:   Optical coverage, detection 
 properties, homogeneity of p.e. yield, low 
 background materials, pressure, chemical 
 compatibility, lifetime, cost 

LENA 
 Marc Tippmann  
 Technische Universität München 

Physics potential 7/20 
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Photodetector R&D

9

)))))))))Hybrid))PhotoWDetector)

Avalanche)Photodiode)(APD))

5(mm(

photoelectron)

APD)

×1000W5000)

∼20)kV)

<100)ps)
Mming)

)))))))Micro))Channel)Plate)

BUT…)
Most)important)for)Large)Area)Cost)EffecMve)Proton)Decay)Detectors:)COST)(and)light)collecMon))

Building your detector within the next 10 years
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Photodetector R&D
Hyper-K planning to use 20-
inch hybrid photodetector 
(HPD) or a 20-inch improved 
PMT.

This summer they will be 
testing 8-inch HPD in water. 

20-inch HPD prototype 
expected in ~1 year time.

Expected production time for 
99K photosensors is 4 
years. The R&D time is 
about the same!
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Building your detector within the next 10 years

13

Photo-sensor
• Candidates for ID sensor

• 20” Hybrid Photo Detector (HPD)

• Improved 20” PMT

• Proof test of 8” HPD in water tank from this summer 

• 20” HPD prototype expected in ~a year

!"#$%&'()"&*+,-&,.-/#"0+"1&,%#-#2&'3&*+,--
!  -4&'()"&5#-6&(,-)#0+"#-5#75-(,-8&5#"-
!  -9#5&('#.-#2&'3&*+,-+0-/#"0+"1&,%#-&,.--
-%:#%;-'+,6$5#"1-75&)('(5<-

!  -=53.<-+0-"#>#%5+"-&,.-'(6:5-%+''#%5+"?-#5%@-
-
!"++0-5#75-(,-8&5#"-)<-ABC9=-5&,;--
!  -D#&73"#-4:#"#,;+2-'(6:5-

- - --8(5:-8(.#-.<,&1(%-/@#@-"&,6#-
!  -4+1/&"#-8(5:-EFG-!DH-
!  -=5&"5-7(,%#-5:(7-7311#"-

IJKD&<KEFIE� L</#"$M-/:+5+$7#,7+"-&,.-9CN-OP(7:(13"&Q� ��

!-R$(,%:-L!9-(7-1#&73"#.-&5-S"75@-

ABC9=-EFG!DH-%&7#�

ABC9=-EFF-5+,-5&,;�
@Kamioka

Preparation @ Kamioka
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Photodetector R&D
Large-area picosecond 
photodetectors based on 
microchannel plates are being 
developed at Argonne National 
Laboratory in collaboration with 
other labs, universities and private 
companies. 
For this application, these could 
be tuned to: 

Timing resolution of ~100 psec
Spatial resolution of ~1cm

Alternatively, worse timing/less 
spatial resolution could be a 
lower price.

11

Building your detector within the next 10 years

  

Goals:
● Large area
● Picosecond timing
● Cheap

Applications:
● Picoseconds on       
  large area
● Neutrinos
● Kaons
● Collider
● Muon cooling
● PET scan
● X-ray
● Neutrons

           Large Area Picosecond Photo Detectors 

(LAPPD)

2012 Project X
Physics Study

A.Elagin                                                                June 16,  2012                                                                  2

A. Elagin (UChicago)
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Large-area picosecond photo-detectors

Conventional MCP Fabrication:

Pore structure formed by drawing 
and slicing lead-glass fiber 
bundles. The glass also serves as 
the resistive material.

Chemical etching and heating in 
hydrogen to improve secondary 
emissive properties.

Expensive, requires long 
conditioning, and uses the same 
material for resistive and 
secondary emissive properties.

Proposed approach for LAPPD:

Separate out the three functions: 
resistive, emissive and conductive 
coatings. 

Handpick materials to optimize 
performance.

Use Atomic Layer Deposition 
(ALD), a cheap industrial batch 
method.

A. Elagin (UChicago)

INCOM glass substrates

Approach demonstrated
for 8-inch tiles
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Large-area picosecond photo-detectors
Microchannel plate photosensor 
in 8x8” tiles arranged in 24x16” 
super-module. 
Channel count optimized to 
large area/desired granularity.
Integrated double-sided readout.
Large-area flat panel provides 
robust construction. Low internal 
volume and use of known glass. 
No magnetic susceptibility.
Scaled high QE photocathode.  

13

  

Super Module

● Thin planar glass body detector

● MCPs share single delay
 line anode

● Fully integrated electronics 

2012 Project X
Physics Study

A.Elagin                                                                June 16,  2012                                                                  3
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A.Elagin                                                                June 16,  2012                                                                  3

A. Elagin (UChicago)

Progress shown in MCP plates, 
electronics, hermetic packaging
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Photodetector R&D
A key challenge to large area photosensors continues to be photocathodes. 

High QE PMTs: SBA (35%) and UBA (43%) are only available in small format (< 
4" diameter ?).

Many fundamental detector properties such as dark current, quantum 
efficiency, response time, and lifetime are determined by the properties of the 
photocathode.

The LAPPD collaboration has a program to study/develop photocathode 
technology. 

14

Building your detector within the next 10 years

J. Xie (ANL)

Microscopic	  Property Macroscopic	  Property Industrial	  Fabrica5on
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Photodetector R&D
Photocathode R&D:

In-situ structural and chemical 
characterization.
Small photocathode growth process 
developed: 

Oxygen discharge cleaning and 
oxidation;
Sb deposition monitoring via 
reflectivity measurement;
Bake out temperature, deposition 
temperature;
Control of alkali metals deposition.

QE as high as 24% has been 
produced and uniform within 15% 
without proper oxygen plasma 
cleaning and oxidation.

15

Building your detector within the next 10 years

J. Xie (ANL)
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Other related R&D
Water Cherenkov detector mass 
is handicapped by a factor of 6. 

Several efforts underway to 
improve (mainly) WCh 
reconstruction. 

Use of more sophisticated 
algorithms (Miniboone), faster 
processing power (GPU), 
characteristics of faster 
photosensors. 

Changes in photosensor 
technology could impact the 
design of future large detectors.
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6/18/12  T. Junk Cherenkov Ring Reco  5 

Mul?‐ring event. 

Almost a proton decay candidate, 

failed some analysis cuts.  Found by 

Bref  Viren. 

Throughgoing Cosmic Ray 

Typical Events in Super‐Kamiokande 

6/18/12  T. Junk Cherenkov Ring Reco  17 

Achieved Performance of Super Kamiokande Reconstruc8on 

•   Vertex resolu?on: 

  18 cm for pe+ π0. 

  34 cm for single‐ring electron events 

  25 cm for single‐ring muon events  

•   Angular resolu?on:  3° (electron‐like rings), 

    1.8° (muon‐like rings) 

•   CC QE efficiency: 93% (electron, single ring) 

  96% (muon, single ring) 

•   Energy resolu?on for single rings 

•   muons: ± (0.7/sqrt(E(GeV))+1.7)% 

•    electrons: ±(2.6/sqrt(E(GeV)) + 0.6)% 

•  Background rejec?on: < 0.1% muons misID’ed as electrons, 

   < 5% NC π
0’s misID’ed as electrons (From M. Shiozawa’s talk 

on Saturday 

Chroma: Reconstruct like it’s 2099 

Stan Seibert,  Anthony LaTorre
University of Pennsylvania

PXPS, June 18, 2012
1

Reconstruction is important!

T. Junk (FNAL)
M. Wetstein (ANL)
S. Seibert (UPenn)

31

ANT 2011

32

Timing and Spatial Resolution - Imaging Capabilities

Pi0 - vertex lhood

SNS Neutrino Workshop 2012
Seminar, Northwestern June 4, 2012Project X Physics Meeting,  June 18, 2012Project X Physics Meeting,  June 18, 2012



M. Sanchez - ISU/ANL

Option-3: Water-based Liquid Scintillator

PX workshop M. Yeh

� Cost-saving for larger detector (see talk in cost-effective 

detector session)

� Clean Cerenkov cone with scintillation at few hundreds of 

photons per MeV (tunable)

� Fast pulse and long attenuation length with minimum 

ES&H concerns

� A new technology ready to use:

• Excellent detection medium for proton decay; and other physics

• Easy to be handled for large detector

• Gd-soluable

• A economic large veto solvent 

Scintillator and other additives
Large liquid detectors can be 
enriched to improve their 
performance. Beyond using 
Cherenkov light alone as SuperK,  
scintillation light allows detection 
of particles below threshold.
The program of R&D at BNL:   

Investigation of a large variety 
of liquid scintillators

PC, PCH, DIN, PXE, LAB
Metal-loaded and water-based 
scintillators with high light-
yield, long attenuation length 
and low flammability. 
Capability of purifying and 
synthesizing materials in-
house and of controlling the 
chemical processes.
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0Qȕȕ, geo-Q, 
reactor-Q, beam 
physics ND 

proton decay, supernovae 
(Gd),beam physics FD 
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Scintillator (Daya Bay)

PX workshop 2012 M. Yeh

M. Yeh (BNL)
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Scintillator and other additives

18

Sensitivity of WbLS for PDK+

PX workshop 2012 M. Yeh 31

• Event Signal-like: 
Prompt
• K+ scintillation
Delay
• +࣊ and ࣆ+ scintillation
• ࣊ scintillation
• Cerenkov rings from ࣆାǡ ା࣊ ǡ ., Michel electron, etc࣊

• Event Selection Rules 
• 12.8 ns between prompt and delay.
• No ring in Prompt. 
• Energy Cut on prompt event.
• Rings in delay
• Energy cuts in delay with rings
• etc…

• 10-yr run could reach a sensitivity of 1034 for the 

PDK+ mode). 

• Compare to SK (170 events in 

1489 days), the 3-fold coincidence 

cuts down to ~5/y; PSD/Michel 

position cut can further suppress the 

bkg. event to 0.25/y. 
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Scintillator and other additives
Adding Gd to water or water 
soluble scintillator enables 
observing neutron capture. 
It enables: 
Full de-convolution of a 
galactic supernova’s ν signals
 Early warning of an 
approaching SN ν burst 
Proton decay background 
reduction (5X)  
New long-baseline flux 
normalization (T2K/Project X)
Matter- vs. antimatter-
enhanced atmospheric ν 
samples

19

Inverse Beta Decay Detection with Gd

y Ethreshold = 1.8 MeV
y ‘Large’ cross section ı~10-42 cm2

y Distinctive coincidence signature in 
a large liquid scintillator detector

Cowan & Reines, Savannah River 1956

Ev - 0.8 MeV

PX workshop M. Yeh

M. Yeh (BNL)
M. Vagins (IPMU)
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Liquid Argon R&D

20

Main Lines of Development

•[LAr Purity (materials’ compatibility & selection) and LAr Purification]

• Ionization Charge signal extraction: alternatives to wires 

• Scintillation Light signal extraction     (the most promising line of development)

• Electron Charge Drift over long distance

• Cryostat Insulation schemes and developments

• Cold read-out electronics vs. Warm electronics 

• Event Reconstruction and Off-line code developments 

6Thursday, 21June , 2012
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Building your detector within the next 5-10 years
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• The following are outstanding questions on LArTPC performance

• EM shower energy resolution

• Hadronic shower energy resolution, visible vs invisible energy

• Ehad/EEM ratio

• Directionality of through going particles using delta rays

• Particle identification

• dE/dx for several particle species

• Light collection efficiency

• Surface operation in a high cosmic ray rate environment

• Studies of proton decay backgrounds

• Diffusion studies over long drift distances

Saturday, June 16, 2012

Building your detector within the next 5 years

B. Rebel (FNAL)
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Liquid Argon R&D

If the detector is underground, detecting 
scintillation light will enable a wide variety of 
topics by providing a trigger: 

Proton decay, supernova neutrinos, 
atmospheric neutrinos, mitigation of spallation 
backgrounds. 

Photon Detection Overview 

2 processes production scintillation light in LAr 

I. PHOTON DETECTOR SYSTEM FOR LIQUID ARGON

The scope of the photon detector system includes the design, procurement, fabrication,

testing, delivery and commissioning of a subsystem that meets the performance requirements

for light collection in the LBNE liquid argon detector. This subsystem will provide abso-

lute event timing, thereby enhancing the detector’s event localization particle identification

capability. Absolute event timing also makes possible time of flight measurements.

II. PHYSICS MOTIVATION FOR PHOTON DETECTION

A. Photon Production in Liquid Argon

Photons are produced in liquid argon by scintillation and Cherenkov radiation induced

by charged particles. The former dominates by a factor of five. The Cherenkov light is

directional, while the scintillation light is isotropic.

Two processes result in scintillation photons when a charged particle traverses liquid

Argon. An Argon atom may be excited and then form a dimer that radiatively decays.

Ar� +Ar � Ar�2 � 2Ar + �.

Alternatively, an Argon atom may may be ionized by the charged particle. After the ionized

molecule recombines with an electron, it forms a dimer that radiatively decays,

Ar+ +Ar � Ar+2 + e � Ar�2 � 2Ar + �.

There are singlet and triplet states of Ar�2 with emission lifetimes of 6 ns and 1.6 µs, respec-

tively. 23% of the photon signal is in prompt 6 ns light and 77% of the signal is in late 1.6

µs light. The decay photons are in the EUV and have a wavelength ⇥ = 128 nm.

The photon detector subsystem is designed to detect these 128 nm scintillation photons.

I. PHOTON DETECTOR SYSTEM FOR LIQUID ARGON

The scope of the photon detector system includes the design, procurement, fabrication,

testing, delivery and commissioning of a subsystem that meets the performance requirements

for light collection in the LBNE liquid argon detector. This subsystem will provide abso-

lute event timing, thereby enhancing the detector’s event localization particle identification

capability. Absolute event timing also makes possible time of flight measurements.

II. PHYSICS MOTIVATION FOR PHOTON DETECTION

A. Photon Production in Liquid Argon

Photons are produced in liquid argon by scintillation and Cherenkov radiation induced

by charged particles. The former dominates by a factor of five. The Cherenkov light is

directional, while the scintillation light is isotropic.

Two processes result in scintillation photons when a charged particle traverses liquid

Argon. An Argon atom may be excited and then form a dimer that radiatively decays.

Ar� +Ar � Ar�2 � 2Ar + �.

Alternatively, an Argon atom may may be ionized by the charged particle. After the ionized

molecule recombines with an electron, it forms a dimer that radiatively decays,

Ar+ +Ar � Ar+2 + e � Ar�2 � 2Ar + �.

There are singlet and triplet states of Ar�2 with emission lifetimes of 6 ns and 1.6 µs, respec-

tively. 23% of the photon signal is in prompt 6 ns light and 77% of the signal is in late 1.6

µs light. The decay photons are in the EUV and have a wavelength ⇥ = 128 nm.

The photon detector subsystem is designed to detect these 128 nm scintillation photons.

prompt light at 6 ns (23%) and late light at 1.6 µs (77%) 

photons emitted in VUV at 128 nm where detection is difficult 
•  solution: TPB waveshifter  
    to absorb UV photons and 
    re-emit  in the optical 
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Figure 6: Calibrated current response of AXUV100G photodiode as a function of incident
wavelength as measured by NIST and IRD.
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Liquid Argon R&D
Building your detector within the next 5 years

June 18, 2012 

Science Drivers: Surface Detector at Homestake 

Photon detection is a valuable tool in a large surface LAr detector 
for mitigating backgrounds from CRs      

•  beam spills ~ few µsec, drift times ~ few msec 
•  the CR background rate ~ 10 kHz 
•  in a few msec, a handful of CR muons will fall within the  
     drift time window 
•  with accurate t0 from the photon detection system, events  
     outside the beam spill window can be accurately identified; 
     with dE/dx corrected with t0, particle ID will further improve 
     background rejection 
•  in conjunction with tracking that point events back to Fermilab,  
     photon detection improves beam neutrino detection 

7 

S. Mufson (Indiana)
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Liquid Argon R&D
Photon Detection 
Stuart Mufson 

PMT 

128 nm �!

425 nm �!

TPB doped acrylic coating 

Acrylic light guide 
APA wires 

dAPA 

NPE for 340 MeV K (proton decay) - 
ignoring light from K daughters 

NPE for 10 MeV electron (SN detection) 
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J. Conrad (MIT) 
APA wires 

Use fast & slow scintillation light 
�fast  = 6 ns (23% of total) 
�slow = 1600 ns (77% of total) 

Ref LBNE Doc #4134 
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S. Mufson (Indiana)

Building your detector within the next 5 years
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Other related R&D
Reconstruction making significant 
progress. 
Variety of approaches in the works. 
Looking forward to studies beyond hand 
scanning. 
Specific questions of interest to proton 
decay have been asked. 
Realistic numbers 6 months away. 

Reconstruction is important!

B. Rebel (FNAL)
M. Kirby (FNAL)

Tracks

11

• Clusters from multiple views are merged into either tracks or showers

• Merging requires knowledge of the timing in each view

• Current tracking works well for straight lines, ongoing work to improve 
algorithms for larger detectors where multiple scattering is a big effect

Several hundred 
reconstructed tracks

ArgoNeuT Data

Yale/INFN

Wednesday, June 20, 2012

Tracking from Hits

12

• Bezier method for finding tracks is promising new technique

• Find the possible 3D locations of all hits by using information from all views

• Create seeds based on close by space points that have similar directions

• Connect up the seeds with Bezier curve to create the tracks

MIT

Wednesday, June 20, 2012

Clusters

10

• Clusters are defined as groups of hits that are associated in time and space

• Use Harris transform (image processing technique) to identify end points 
in 2D views as seeds for clusters

• Several current clustering techniques in use, can identify straight lines using 
a Hough transform and arbitrary shapes using a density based algorithm

Raw ArgoNeuT 
Data

Clusters 
Reconstructed

Yale

Wednesday, June 20, 2012
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Conclusions
Most of the studies for water Cherenkov in the US are coming to a close.  
Hyper-K and Lena are evaluating photodetector technology. 

A new generation of larger area photodetectors is in development. 

Enabling new capabilities in experiments and driving the cost down of 
key elements such as photocathodes.

Large liquid detectors are likely to be built. New additives to water might 
make Cherenkov+scintillation interesting for an even wider physics 
program. 

Liquid Argon R&D is in progress. It is possible that light collection 
technology is required to build the detector on the surface. 

Alternatives should/will be explored not just for light collection. 

A diverse portfolio of large-area technologies
will enable a strong Project X program 



Backup
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Next generation Long-Baseline 
Large-area fast photodetectors based 
on microchannel plates are being 
developed at Argonne National 
Laboratory:

Timing resolution of ~100 psec
Spatial resolution of ~1cm

The application of this new technology 
could enhance background rejection and 
vertex resolution by improving spatial 
and timing information. 
We have shown that for a given detector 
size, the uncertainties in the position of the 
leading edge become smaller if larger 
photodetector coverage is considered. 
Work in progress developing simulations 
and reconstruction in less ideal cases.
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• Alternatives to wires for ionization charge signal extraction

• LEM: Double phase Argon Large Electron 
Multiplier  TPC concept provides a 3D-
tracking and calorimetric device capable of 
adjustable charge amplification.

LAr LEM-TPC
@ CERN (ETH)

from concept to 
real detector

• It is a promising readout 
technology for next 
generation ν-detectors 
(fine spatial resolution, 
large active area and gain 
of the order of 10) and for 
Dark Matter detectors

•MM: MicroMega 
concept under 

study
@ CEA-Saclay ⊕ 

ETH 

➠

35Thursday, 21June , 2012
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June 18, 2012 

Science Drivers: Underground 

1.  Proton Decay 

There are significant “non-accelerator” science objectives that large,  
deep LArTPC detectors can explore. 

•  critical issue is to achieve extremely high rejection of backgrounds, less than  
     one event per 100 kt-yrs, that could masquerade as the very rare signal. 

-  “golden” proton-decay channel in LAr ( p -> K+ν) mimiced when a K+  
       outside the exterior cathode planes enters the fiducial volume 
-  photon detection unambiguously determines the position of the event  
     in the detector 

2.  Supernova Neutrino Bursts 

•  detailed timing information from a photon system greatly enhances the 
     understanding of the evolution of catastrophic stellar core collapse processes 

5 

June 18, 2012 

Science Drivers: Underground 

3.  Atmospheric Neutrinos 
•  unique among sources used to study oscillations since the oscillated flux  
     contains neutrinos and anti-neutrinos of all flavors, thereby enabling sensitive  
     searches for new physics signatures 
•  the photon detection system improves the energy resolution, reducing  
     systematic errors in the analyses, enabling more accurate searches 

4.  Mitigation of Spallation Backgrounds 

•  muons and muon-induced fast neutrons entering the detector from  
     the surrounding rock 
•  backgrounds are important for neutrino detection in the range of a  
     few to a few tens of MeV 

6 
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Proton decay modes
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SuperWK)Water)Ch.) LAr)(generic))

Mode) Efficiency) BG)Rate)
(/Mt)y))

Efficiency) BG)Rate)
(/Mt)y))

e+π0) 45%) 2) 45%) 1)

ν)K+) 16%) 7) 97%( 1(

µ+)K0) 10%) 5W10) 47%( <2(

µW)π+)K+) ?) ?) 97%( 1(

eW)K+) 10%) 3) 96%( <2(

n)nbar) 12%) 260) ?( ?(
A. Bueno et al.  
hep-ph/0701101 

Rough and unofficial 
SK efficiency & BG - ETK 
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